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ACOUSTIC  SEAMOUNT  lUWGINC  WITH  EXI’ljO.'iIVE  O^XKGES 


By  R.  Halley 


INTRO  i)UCTI  ON 


This  iieniorandur,!  is  intended  for  the  u^e  of  others  at  NEL  and  a 


few  outside  the  laboratory  idth  rtarticular  interest  in  seamount 
ranging.  It  is  for  their  inforration  only  and  is  not  a formal  report 
xai„^a^aboratory  project. 

The  problem  of  topographic  mapping  of  the  ocean  floor  has  been  a 

matter  of  interest  to  the  Navy  and  to  oceanographers  for  many  years. 

Throughout  this  period  there  has  been  the  need  for  a method  of  survey 

to  supplement  the  nomal  sounding  techniques.  The  use  of  acoustic 

systems  which  would  detect  major  irregularities  in  the  ocean  bottom 

by  virtue  of  their  reflection  of  sound  from  explosive  charges  has 

been  nroposed  nany  times  and  limited  exixjrimonts  in  the  use  of  ttiis 

*■  ,,- 

technique  have  been  niade.^--^ 

The  analysis  of  acoustic  measurements  made  in  connection  ivith  tlie 

N 

atomic  explosion  of  Oix; ration  .IGlvAM  in  1955  shoved  that  reflections 

were  beinc  received  from  islands  and  major  seamounts  throughout  the 

2 

greater  part  of  tlic  Pacific  Ocean,  Computations  further  showed  that 


1.  !i.  Luskin,  iS.  Landisrnan,  G.  H.  Tirey,  and  G.  R.  Hamilton,  "Subir;irine 

Topographic  Echoes  from  Explosive  Sound",  Buil..  Geol.  Soc.  Amor,  63: 
1053-1068  (1952) 


with  proper  instnamentation  surveys  couLl  be  carried  out  over  a radius 
of  four  or  five  hundred  miles*  using  source  charges  on  the  order  of 
hundreds  of  pounds  of  TNT. 

Operation  CHINOOK,  conducted  by  Scripps  Institution  of  Oceanography 
in  the  sumrer  of  1956,  afforded  an  opportunity  to  test  these  conclusions. 
It  was  recognized  that  due  to  the  limited  time  available  for  preparation 
this  would  be  a very  rough  test  which  at  best  would  probably  provide 
valuable  experience  upon  wliich  to  base  requirensen ts  for  future  programs. 
It  was  necessary  to  make  use  of  existing  facilities  almost  exclusively 
and  to  ccxiduct  the  tests  on  a not-to-interfere  basis  id.th  the  primary 
missions  of  the  cruise.  Again  due  to  time  limitations  it  was  impossible 
to  carrj"  out  an  adequate  analysis  of  tlie  experimental  situation  in 
advance.  Recognizing  these  handicaps  it  was  decided  that  the  low  cost 
of  the  experiment  made  it  worthwhile  to  go  ahead  and  see  v4iat  could  be 
learned  from  the  experience.  Although  the  results  of  die  ex’x’riment 
were  extremely  disappointing  from  the  standpoint  of  seamount  location 
the  experience  w’as  valuable  in  indicating  the  requirements  whi  ch  must 
be  met  for  successful  operation  of  such  a survey. 

Operation  CHINOOK  involved  an  oceanograpldc  survey  of  the  North 
Pacific  conducted  by  two  Scripps  ships,  the  ll/V  STR\.NCFrai  and  the  R/V 
SPKNCER  F.  I3AIRI).  The  general  track  covered  by  the  two  ships  is  shown 
in  figure  1.  The  operational  plan  called  for  the  BlIUI)  to  set  off  six 
320-pound  TNT  charges  at  the  axis  of  the  deep  sound  channel  while  the 
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2,  M.  j.  Sheehy  and  R.  Halley,  "A  Measurement  of  the  Attenuation  of 
bow-Frequency  Underwater  Sound",  J ASA,  Vol.  29  (1957) 


ships  were  still  in  southern  latitudes  near  Hawaii^  l''otir  sudi  charges 
were  actually  exploded  at  the  points  shcnvn  by  the  stars  numbered  1 to  4 
in  figure  1.  It  was  also  planned  tliat  at  tiie  time  of  each  explosion 
the  ships  would  be  approximately  fifty  miles  apart  and  fliat  tlx*  acoustic 
signal  from  the  explosion  would  be  monitored  by  eadi  diip  for  a period 
of  about  half  an  hour  after  each  shot.  X third  monitoring  station  was 
matmed  at  the  former  SOFAIl  station  at  Kaneohe,  Oahu,  T,  H, 

The  listening  system  at  Kaneohe  has  been  adequately  described 
3 

before  and  tlie  description  will  not  be  repeated  here®  A single  type 
14D3X  hydrophone,  bottom  mounted  at  a depth  of  about  350  fatiioms  was 
used  for  this  test.  The  system  was  in  good  operating  condition  and 
performed  as  expected.  Magnetic  tape  records  of  each  shot  and  the 
periovi  of  about  half  an  hour  following  were  made  for  later  analysis. 

The  reccivirg  system  on  the  .STR.V'G!'R  used  a single  type  AX58 
hydrophone  out  of  an  array  used  for  seismic  recording®  The  hydrophone 
was  at  a depth  of  about  200  feet,  buoyed  and  floated  away  from  the 
ship.  t)uriTig  the  recording  period  the  ship  was  lying  to  \dth  all 
major  machinery  units  secured.  System  sensitivity  was  good  and  self 
noise  was  lostr.  Good  records  were  also  obtained  from  tiiis  receiver. 

On  the  lUIRD  a single  AX58  type  hyilrophone  was  also  used.  It 
was  suspended  from  tiie  side  of  the  ship  at  a depth  of  about  200  feet. 
tlK  procedure  folloied  was  to  drop  tJie  TNT  charge  wliilc  underway  and 
then  to  bring  tljc  ship  to  a stop  at  a point  about  half  a mile  from 
the  drop  point.  The  hydroplione  then  had  to  be  rigged  out  and  the 

3.  Ni';L  SOFAlt  Research  Group,  "TrianguLation  Tests  of  the  Northeast 
racific  SOKAR  Network",  N:0L  Report  175  (27  April  1950) 
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recording  started.  In  no  case  was  this  accomplished  in  time  to 

i 

record  the  initial  explosion  although  the  explosion  was  heard  tlirough 
the  hull  of  the  ship  and  the  tiiie  noted.  Under  these  circumstances 
I it  was  not  possible  to  quiet  the  BAIKl)  sufficiently  for  the  echoes 

to  be  detected  in  tiie  noise  and  no  useful  records  were  obtained. 

* Acewate  timing  was  maintained  on  tlic  UAIKD's  shot  records  and 

on  the  recordings  made  by  the  STKWCKU  and  at  the  Kaneohe  stat’on  by 
recording  time  signals  from  hWH, 

CuMPUT  Vri'JXiL  Mi'.TiiCDS 

Before  examining  the  results  obtained  from  the  records  of  tliis 
experiment  let  as  exiuiitne  tlic  general  problem  of  detendning  the  loca- 
tion of  multiple  reflectors  from  such  records.  In  general,  two  receivers 
such  as  wore  operating  during  this  test  are  not  sufficient  to  obtain  the 
e locations  of  m\)ltiple  reflectors  from  a single  diarge  so  we  \dLll  examine 

the  more  reasonable  situation  where  three  receivers  are  used. 

Let  us  assume  that  a suitable  charge  is  set  off  in  an  area  contain- 

I 

ing  nany  reflectors  and  that  signals  are  received  at  three  separate 

i 

receivers.  Now  a number  of  eclio  signals  will  be  received  at  each  | 

receiver  and  tiiere  is  no  way  of  associating  any  single  echo  at  one  j 

receiver  witli  any  particular  eclio  at  any  other  receiver.  Hence,  all  | 

. possible  'Viirings  which  do  not  lead  to  imaginary  solutions  must  be  i 

considered.  This  means  that  for  any  two  receiving  stations  all  signal  i i 

' i 

pairs  must  be  considered  for  which  tiie  tl'ie  difference  of  arrivals  is  I 

not  greater  than  the  sound  travel  time  between  the  two  stations.  Hence  j 
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tw  receivers  fairly  close  toeetlier  would  require  far  fewer  computations 
and  lead  to  far  fewer  false  solutions  than  two  widely  separated  receivers. 

This  problem  of  system  saturation  has  previously  been  considered  in 

4 

detail.  Conversely  however,  in  the  interests  of  accuracy  the  receivers 
should  be  i/ell  separated,  and  considering  the  aims  of  any  given  survey 
a judicious  choice  of  receiving  locations  imust  bo  made. 

Let  us  now  assume  that  there  is  only  a single  reflector  in  tlie  area 
and  consider  the  methods  by  vJiich  its  location  may  be  obtained,  iv’e  must 
keep  in  mind,  however,  tliat  any  method  selected  must  be  iterated  perhaps 
hundreds  of  times  in  analyzing  the  records  from  a single  explosion. 

Figure  2 illustrates  tlie  general  situation  for  a source  (S).  a 
reflector  (R),  and  tliree  receivers  (A,  H,  and  D),  all  on  the  surface 
of  a sphere.  0 and  6 are  coordinates  of  latitude  and  longitide  in  terms 
of  which  w’e  have  R :s  S = {.^S>  A 5 ()^A' 


6> 


FIGURIi  2 


4,  R.  W.  Rempel,  "Some  Signal  Inversion  Probabilities  in  the  Northeast 
I'acific  SOFAH  Network".  NKL  Report  303.  (June  1952) 
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The  lilies,  a,  b,  d,  and  s,  all  represent  sound  travel  paliis  measured 
in  terns  of  great  circle  arc.  If  the  detonation  time  of  the  source  is 
known  and  taken  as  t ar  0 and  the  arrival  times  of  tlie  echoes  at  the 


three  receivers  are  t,^,  ty,  and  tp,  and  we  further  specify  the  total 
sound  travel  distances  to  each  of  the  three  receivers  in  terms  of  great 
circle  arcs  as  and  Tp  then  it  is  apparent  tliat  the  reflector  R 

must  lie  at  the  point  inhere  tlie  three  conditions 


T .^  2 a 4 s 
Tn  s:  b 4 s 


Tp  s d 4 8 


are  true  simultaneously.  This  obviously  defines  the  common  point  of 
intersection  of  three  "ellipses";  i.  e.,  three  curves  each  of  which 
is  the  locus  of  points  the  sum  of  whose  great  circle  distances  from  two 
fixed  points  is  a constant.  The  three  equations  arc  independent  and 
although  any  pair  of  tliese  "ellipses"  may  intersect  in  as  many  as  four 
points  tiiere  should  be  only  a single  common  point  of  intersection  of 
all  three  curves  except  in  very  unusual  cases  of  ssrmmctry. 

Nmir  if  either  the  time  of  explosion  or  location  of  the  source  is 
unknown  we  may  iinnievlLately  eliminate  s from  these  equations  and  have 
two  independent  equations  such  as 


’^'a  “ = a - b 


T , - Tp  = a - d 


f 
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The  simultajieous  solution  of  these  equations  will  yield  the  points  of 
intersection  of  two  "hyperbolas";  i.  e.,  two  curves  each  of  ivhich  is 
the  locus  of  points  for  wiiich  the  difference  between  t!tc  great  circle 
. distances  from  two  fixed  points  is  a constant,  h'ith  only  two  indepen- 

dent eqvuitions  there  \idll  in  general  be  two  real  solutions  with  no 
* means  of  choosing  between  them.  Therefore,  it  becomes  mandatory  that 

eitlier  trie  source  data  be  knowii  or  that  four  separate  receivers  be  used 
to  reniovc  ambiguities  in  the  solution. 

Let  us  continue  to  assume  three  receivers  and  known  source  data 
and  consider  further  the  means  of  obtaining  solutions  to  equations  (1), 
(2),  and  (3)  in  terms  of  tiie  two  indenendcsit  coordinates  S and  i'. 
Expanding  equation  (1)  we  have 


cos 

cos 

(a  + 

s)  » cos 

a cos  s - sin  a sin  s 

(6) 

where 

cos 

a St 

cos 

('^A  ■ 

- cos 

(i^A  - /) 

(7) 

and 

cos 

s r 

cos 

(^s 

- cos 

(4  - j^) 

(8) 

It  is  obvious  that  further  expansion  of  tliis  equation  will  result 
in  an  extremely  corrplex  trigonometric  expression  rviiose  inclusion  here 
would  serve  no  useful  purpose.  Tt  is  presumed  ho\\?evcr  that  sucli  a pair 
of  expressions  could  be  solved  simultaneously  after  sufficient  algebraic 
manipulation.  The  resulting  solutions  will  tliemsolves  be  so  complex  in 
form  that  it  would  be  foolish  to  consider  tlieir  numerical  solution  in 
tlie  number  of  cases  required  by  t!ic  problem  without  recourse  to  at  least 
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a medium  speed  c.oim'uter.  diuce  it  is  our  goal  here  to  find  a metliod  of 
solution  wiiich  will  not  require  the  availability  of  such  a device  we 
will  continue  to  consider  ineans  to  simplify  tlie  solution  of  tlie  problem. 

liie  first  and  most  obvious  meiuis  of  simplification  is  to  choose 
the  coordinate  axes  for  any  particular  explosion  in  such  a fashion  as  to 
make  as  many  factors  as  possible  equal  to  zero.  It  may  simply  be  stated 
that  wliile  this  obviously  sijuplifies  tlie  expressions  involved  it  is  not 
sufficient  to  nuaterially  change  the  manner  or  complexity  of  solution. 

A second  and  extremely  effective  means  of  simplifying  the  problem 
is  to  assume  that  tlie  source  is  located  at  one  of  tiie  receivers.  This 
has  the  further  advantage  of  being  most  convenient  as  a means  of  conduct- 
ing the  experiment. 

Consideration  of  figure  2 shows  that  if  the  source  is  located  at 
one  of  the  receivers  s becomes  equal  to  the  distance  (a,  b or  d)  from 
that  receiver  to  the  reflector  and  tliat  distance  is  simply  half  of  the 
total  sound  travel  tii stance  measircd  at  thet  receiver.  By  substitution 
for  s in  equations  (1),  (2)  and  (3)  v,’e  find  that  a,  b and  d are  each 
equal  to  a knemn  combination  of  values  of  the  measured  sound  travel 
distances.  The  tluree  equations  now  define  three  circles  of  radius  a.,  b 
and  d uitli  corresponding  centers  at  A,  B and  D and  with  a conjnon  inter* 
section  at  the  reflectw.  Graphical  solution  of  the  three  equations 
would  now  be  extremely  convenient  providing  o?ie  had  a sufficiently  large 
spherical  surface  upon  which  to  \xjrk.  Combining  tiiis  assumption  with  a 
judicious  choice  of  coordinates  a solution  can  be  v;ritton  out  in  fairly 


I 


8 


simple  form  which  would  be  amenable  to  handling  on  a punch  card  computer 
or  even  by  hand  computation  for  a limited  number  of  cases.  This  solution 
is  developed  in  a'pendix  1. 


\s  a final  sininlification  let  us  now  consider  the  effects  of  approxi- 
mating  the  spherical  surface  by  orthographic  projection  on  a planeo  Such 
an  approximation  must  obviously  lead  to  errors  in  the  solution,  so  let  us 
first  examine  the  size  of  the  errors  involved  and  determine  if  sudi  an 
approxination  is  feasible. 

In  studying  the  acoustic  records  we  are  able  to  measure  the  time  of 
arrival  of  reflected  signals  to  an  accuracy  of  about  4 1 second  or  say 
+ 1 nautical  mile.  Seamounts  large  enough  to  prodxjce  useful  reflections 
must  extend  over  some  reasonable  area,  say  tliree  to  five  miles.  Furtiier, 
accurate  location  is  unnecessary  since  an}'-  seamount  so  indicated  -will  be 
subject  to  further  detailed  bathymetric  study.  Let  us  then  say  tJiat  4 3 
miles  is  sufficient  accuracy  for  location,  and  that  4 2 miles  of  this  may 
be  tolerated  in  tlie  anprexi;  ation  due  to  die  plane  projection.  Now  the 
error  of  approximation  c«i  tlie  plane  projection  is  simply  tlie  difference 
in  distance  betv.een  the  spherical  arc  and  the  projected  diord.  This 
error  riay  then  be  written 

e « r ( a - sin  a)  (12) 

where  a is  tlie  arc  distance,  and  r is  the  radius  of  the  spliere.  For  an 
error  of  e = 2 miles,  we  find  a » ,145  radians,  or  almost  exactly  500  mil«5S« 
Thus,  if  we  choose  die  point  of  projection  at  the  source,  all  points  of 
interest  must  lie  within  about  500  miles  of  this  point.  This  seems  to  be 
reasonable  area  in  \4iich  to  work  and  the  approximations  may  be  considered 
feasible. 
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Xov.'  in  atteriptins  to  make  a computational  solution  on  tlie  plane 
the  form  of  equations  (9),  (10)  and  (11)  '.dll  remain  undiana;ed,  hut  the 
solution  must  be  made  in  rectangular  coordinates.  If  one  again  makes  a 
judicious  clioice  of  coordinate  systems,  tte  solution  has  about  the  same 
computational  complexity  as  the  spherical  solution  of  appendix  1.  Thus 
the  approximation  offers  no  new  advantages  and  increases  die  complexity  of 
transforming  tlie  solution  back  to  tlie  geographic  coordinates,  (€,  0). 

Hoi/ever,  if  we  investigate  tlie  effect  of  the  approximation  on  the 
solution  of  the  eqmtions  by  graphical  tcans,  we  find  that  we  may  now 
obtain  solutions  sipiply  by  drawing  circles  on  a plane.  The  error  of 
approximation  is  apparent  Ixi  re  in  that  the  circles  v;ill  not  be  a true 
representation  of  die  circles  on  a sphere  and  they  ivill  no  longer  inters 
sect  at  a single  point,  but  at  three  closely  scattered  points.  For  a 
true  solution  it  is  necessary,  but  not  sufficient,  that  these  three  points 
should  lie  within  a circle  of  a three-mile  radius#  Thus  w must  expect 
even  more  spurious  solutions.  This  method  should  prove  vciluable,  however, 
for  a rapid  analysis  of  results  if  the  radius  of  the  circle  of  interest 
is  limited  to  500  miles,  if  the  number  of  reflections  received  at  each 
station  is  limited  in  number  and  spaced  many  seconds  apart,  and  if  the 
circles  are  drawn  on  a chart  m.ade  either  by  orthographic  projection  or 
by  a Lambert  conformal  conic  projection# 

In  summation  of  this  .section  we  may  .say  that  from  the  standpoint  of 
ease  of  computation  it  is  advisable  to  locate  the  source  at  the  same  point 
as  one  of  the  receivers.  With  tliis  assumption  and  by  proper  choice  of 
coordinate  systems  it  is  possible  to  express  the  solutions  in  sufficiently 
simple  form  for  punch  card  calculation  or  even  for  hand  calculation  of  a 
limited  number  of  reflections.  Finally,  by  projecting  restricted  areas  of 
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the  spherical  surface  onto  a pi:ine  it  is  possil>le  to  obtain  approximate 
solutions  by  graphical  nutans  by  the  simple  process  of  drawing  circles 
of  appropriate  radius  about  tlic  three  receivers. 


IIESULTS 

It  is  unfortunate  that  the  sliort  time  available  for  preparation 
for  this  exercise  did  not  allow  tlie  theoretical  consiJerati  ai  s outlined 
above  to  be  made  until  after  the  completion  of  tlie  exercise.  The  desira- 
bility of  having  the  source  ajid  one  receiver  at  the  same  location  was 
recognized,  but  it  v/as  not  realized  how  completely  this  factor  dominates 
the  choice  of  nethods  of  solution,  S}x:cial  sliipboard  instrumentation  for 
this  exercise  could  be  prepared  only  in  very  limited  form  and  consequently 


instrumentation  available  on  tne  ships  for  other  purposes  was  used  to  a 
great  extent.  Since  the  M^V  was  being  used  throiiehout  the  opera- 

tion as  the  receiving  sliip  in  seismic  profile  runs,  she  was  well  instrumented 
to  act  as  a receiver  for  tlie  seamount  ranging  exercises.  The  hAIRD,  which 
was  to  act  as  the  source  siiip  ;ind  to  drop  tlie  explosive  charges,  was  not 
so  instrumented  and  it  was  possible  to  install  only  tlie  most  rudimentan' 
listening  aiip-iratus  for  use  in  this  exercise.  Tlx;  low  sensitivity  of  this 
sy-stem,  coupled  with  the  extremely  high  self-noise  levels  ol’  the  fUlRD, 
resulted  in  no  useful  information  being  recorded  at  this  station,  Tl\e 
RAIRD  station  did  record  the  direct  signal  from  tiie  charfie  and  these  data 
were  available  for  use  in  computing  explosion  times.  The  receivirig  system 
on  tlie  STK.VKGER  and  at  Kaneohe  operated  satisfactorily  and  reflected 
signals  were  recorded  at  loth  stations  iidth  tine  delays  up  to  twenty 
minutes  follow! nc  the  reception  of  the  direct  signal.  Consequently  we 
had  four  pairs  of  recordings  available  for  analysis.  The  ti  c sequence 


11 


of  echoes  on  these  four  record  pairs  is  sli«vn  in  figure  3 together  with 
the  total  number  of  echoes  observed  on  each  recordo 

It  must  be  noted  liiat  tills  figure  includes  every  signal  received 
at  either  receiver  id  thin  2,000  seconds  of  the  detonation  time  \viiich 
could  possibly  arise  by  reflection  of  tlic  signal  from  the  exnlosive  i. 

charge.  In  general  tliese  si  finals  v.’erc  small.  None  were  roce  than  10  db  : 

and  most  v/erc  less  than  5 db  above  noise  in  tlie  best  third-^octave  band. 

It  is  considered  tiat  a large  perccjitage  of  these  signals  may  have  been 
spurious. 

From  tiic  computational  piethods  developed  above,  it  may  be  seen  that 
we  were  loft  in  a very  tmfavorable  position  for  computins  the  locations 
of  the  reflectors  represented  by  the  received  edioes.  The  only  method  | 

i 

of  solution  available  to  us  without  the  services  of  a Large  computer  was  j 

to  attempt  graphical  solution  by  n^ans  of  ellipses  drawn  on  the  plane 
approximtion  to  t'le  sphere.  linowing  the  location  and  detonation  time 
of  the  source,  the  location  of  the  receiver,  mid  time  of  reception  of 
the  echoes,  it  was  possible  to  draw  one  ellipse  for  cac!i  echo  wiiich  would 
represent  all  the  possible  points  of  reflfiction.  Since  tiiere  w'as  no  way 
of  pairing  echoes  received  at  the  Uiro  stations,  and  since  two  signals  from 
any  one  reflector  are  insufficient  to  detennine  position  uniquely,  tlie 
only  way  to  get  reliable  solutions  was  to  plot  every  possible  ellipse  for 
all  four  shots  on  a single  sliect  and  to  depend  upon  the  consistent  appear- 
ance of  a real  reflector  to  cause  a number  of  intcrsecti  or.s  to  occur  at 
the  sane  point. 

It  is  then  necessary  to  consider  the  accuracy  of  the  ncasuraiicnts  and 
approxir'.ations  in  order  to  deccrniinc  what  will  be  considered  as  inter- 
section at  the  "same  point".  Considering  the  approxirati ons  involved, 

12 

J 


it  was  deter?  iiied  that  \<c  could  expect  iiotlnnc  bettor  than  an  accuracy 
of  I 3 miles  even  under  ideal  conditionso  A consideration  of  tiie  results 
of  drawinff  the  145  necessary  ellipses  indicated  that  tlierc  v/ould  be 
several  hundred  cases  \diere  two  intersections  could  be  considered  to 
occur  within  the  three-mile  limits.  At  tii  is  point  it  was  necessary  to 
inquire  into  the  navi."ationai  accuracy  v.hich  determined  the  accuracy  of 
locating  the  foci  of  the  ellipses.. 

A simple  dieck  was  available  by  comparing  the  distances  fix)m  the 
source  to  tlie  receivers  as  computed  from  navigational  data  wth  tiiat 
computed  from  acoustic  data.  The  results  of  tliis  comparison  are  shora 


in  t.able  1,- 


TAHL!=:  1 

CO>iP\RI.SCN  OF  CO:;,’!’ TFl)  DldLANCEa 
DAIRIJ  to  Kaneohe 
Nautical  >iiles 


Shot 

Number 


Acoustic 

Distance 


Navigational 

Distance 


Differences 
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HAIRD  to  STRANCKU 
Nautical  Miles 


Tile  tremendous  errors  indicated  bj’-  tliis  comparison  nude  it  obvious  that 
any  furtlier  attanpts  to  compute  reflector  positions  were  doouied  to 
failure.,  before  abandoning  the  problem  entirely,  however,  consideration 
was  made  of  the  fact  tliat  the  errors  appear  consistently  with  the  same 
sign  and  thus  the  differences  might  be  due  to  .'ci  erroneous  assumption 
as  to  the  velocit3’-  of  sound  propagation  in  tlie  deep  sound  dianncl.  If 
the  mean  sound  velocity  were  to  be  adjusted  to  account  for  the  mean 
difference  of  nineteen  nautical  miles  in  the  position  measurci:E nts 
between  the  bAlKD  and  Kaneohe*  a mean  sound  velocity  of  5,019  feet 
per  second  would  have  to  be  used.  This  is  far  greater  than  any  v.ilue 
ever  observed  for  deep  sound  channel  propagation,.  Kven  if  it  were  a 
more  believable  figure,  the  variation  in  range  differences  of  tliirtecn 
and  fifteen  miles  below  and  above  the  mean  would  still  be  unexplained.. 
Velocities  computed  for  the  BAIRD  to  drRiM'.uR  variations  are  even  worse, 
alxiut  5,200  fcet/seconJ,  but  because  of  the  shorter  travel  patlis,  tliis 
computation  is  less  reiiablcc 

It  may  be  added  tliat  years  of  experience  with  .-^OK  \R  experiments 
have  indicated  th.it  for  bombs  dronued  in  tiiis  area  t/ie  acoustic  range 
error  at  the  Kaneohe  station  sliculd  be  under  two  mileso  An  unsuccessful 
attempt  v.as  made  to  compute  better  .ship  positions  from  tlie  accumulated 
navigational  data,  oince  these  data  errors  precliried  the  possibility 
of  successful  determination  of  reflector  positions,  no  further  .itterpts 
were  imde. 
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C>.'  NC  H ' ■SI'.'N.S 

1.  The  results  of  the  WIG’.  \M  recordings  rei’ain  as  evidence  tiiat 
explosive  cdto  ranL'ine  of  seamounts  should  he  feasible. 

2.  nicoretical  consiierations  indicate  that,  with  a well  desi'jned 
experiment,  calciiLition  of  reflector  position  can  easily  be  made  by  a 
punch  card  computer.  I.ocition  of  tlic  source  and  one  of  the  receivers  at 
the  sai'c  point  \.d.ll  materially  simplify  tliese  conmutations . Under  these 
sai.ic  conditions  anoroxiivate  solutions  by  relatively  simple  graphical 
means  are  possible. 

3.  The  relatively  snail  signal-to-noise  ratios  observed  durinc  the 
present  experiment  indicate  tliat  the  cliari’e  size  used  may  have  been  insuf- 
ficient for  the  purpose  and  that  it  shouid  be  increased  to  provide  an 
additional  5 =>  10  db  of  signal  level  in  tlie  water.  On  the  other  hand, 
there  were  no  known  reflectors  in  the  area  under  study  and  the  low  signal 
strength  may  have  been  duo  to  our  absence  of  suitable  reflectors. 

1,  This  exixirinent  ^ould  be  rcocatcd  under  more  carefully  controlled 
conditions.  At  least  the  following  improvenents  should  be  effecred. 

a.  A source  and  three  receivers  should  be  provided.  Tlie  receiv- 
ing ships  sliould  bo  quieted  and  listening  systems  should  be  instaJ  led  which 
normally  record  ambient  water  noise  in  the  frequency  range  of  200  - 1,000  cps. 

b.  The  source  should  be  detonated  at  the  position  of  one  of  the 

receivers, 

c.  The  ships  should  be  provided  with  modern  navieational  aids 
and  tlie  experijTient  conducted  in  an  area  \#liich  \>ill  allow  navigational 
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accuracies  C'  4 one  mile, 

d.  The  area  of  invosti^raf.ion  should  be  restricted  to  a circle 
of  not  more  than  five  hundred  miles’  radius  around  t)ic  source.  The  ships 
should  be  spaced  in  a trianpie  about  one'-hundred  fifty  miles  on  a side, 

e.  The  area  of  investir,ation  should  be  diosen  as  one  wi)  ich  is 
neither  essentiallj’-  free  from  knoHU  scanu'unts  nor  as  one  vvhi  ch  is  lcno\m 
to  bo  cluttered  ulth  seamounts, 

f.  If  signal  levels  arc  still  lov  in  an  area  containin<:  knoivn 
reflectors,  the  Tgc  size  should  be  increased  to  jdve  about  an  additional 
5 to  10  db  of  source  level- 
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Let  us  first  define  a new  set  of  ortiiogonal  coordinates  uliich  will 
inake  the  computations  more  convenient  tlian  they  are  vd  th  coordinates  of 
latitude  and  loiifiitude.  Of  course  the  solutions  must  be  transposed  back 
to  latitude  and  longitude  before  they  can  be  specified  in  standard  navi- 
gational terms. 

Let  us  choose  a set  of  orthogonal  coordinates  (a,  P)j  identical  with 
{9,  except  tJiat  the  origin  is  located  at  Point  A and  the  system  is 
rotated  through  an  angle,  Y,  so  that  the  coordinate,  P = 0 , passes  through 
Point  B.  ive  then  have  the  follovdng  relationships  between  the  two  coordi- 


nate systems 


tan  Y = 


(i*  5 tan  ^ l^tanacos  yJ  ” sin  ^ ^ 

tan  [0^  - 0j 

V = p r- 

sin 


Now  since  the  three  travel  distances,  a,  b,  and  d,  are  each  equal  to 
a kno'-n  combination  of  measured  travel  distances  which  we  may  designate  for 
the  moment  as  Tj^,  T2  and  T3,  we  ma3’-  write 

a * Ti 
b = T2 


d 
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(4») 

(S') 

(6*) 


In  tenns  of  the  (a,  p ) coordinate  system  we  may  then  write 


cos  I’l  r cos  a cos  p 


cos  T2  r cos  (op  - a.)  cos  p 
cos  T3  i cos  (a^  - a.)  cos  (p,^  - p) 


solvinp  equations  (7')  tuid  (8')  simultanecusly>  we  obtain 


tan  a s 


cos  T2 
cos  Ti 


cos  a_ 


(10') 


cos  p 


cos  Ti 
cos  a 


(11') 


In  general  tliis  sdves  two  principal  values  for  a > one  of  vdi  ich  wll 
be  close  to  a * 0 and  tlie  other  will  differ  from  it  by  180  degrees,  and 
will  be  completely  unreasonable.  Tor  tiic  one  reasonable  value  of  a there 
will  be  two  values  of  p,  neither  of  wliich  can  be  discarded  without  further 
examination. 

Solving  equation  (9')  for  cos  p we  have 


2 

cos  T3  cos  p cos  T3 

cos  p s : T 4 sin  r 1 - / 

^ cos  (a»  - a)  - cos-^  (a  . a) 


(12‘) 


If  wo  now  substitute  the  chosen  value  of  a froni  equation  (10’)  into 
equation  (12’)  we  obtain  two  new  values  of  P only  one  of  which  shixild  acree 
closely  with  one  of  tlic  values  found  by  equation  (11').  Choosing  tli  is  value 
we  now  have  a unique  solution  in  terms  of  (a,  p). 


It  must  be  renembered  tliat  t!iis  solution  will  still  not  represent  a 


true  reflector  unless  the  signals  arriving  at  the  tlircc  receivers  have 
been  properly  grouped.  Thus  we  sliall  in  most  cases  have  many  spurious 
solutions.  The  validity  of  the  solutions  can  only  be  checked  by  repeating 
the  experiment  with  a charge  dropped  at  aiiotlier  location. 

Fortunately,  we  have  not  yet  designated  any  of  the  receivinc  points 
as  the  source  point.  Consequently,  we  may  use  tiic  equations  and  coordinate 
system  for  charges  from  any  of  the  points  simply  by  inserting  the  proper 
values  for  T^,  T2,  and  into  t!ie  equations  accordine  to  the  foliowring 
table. 

SOFRCfi  POINT 

\ B D 


Tl 

Ta 

2 

Ta  * ~ 

2 

T4  - ~ 
A 2 

T2 

T - "a 

Tb 

'T 

T - 

’■i)  ^ 

# 

■^3 

f - "a 
'0  “2 

!» 

0 

2 


Thus,  if  charges  arc  droni'ed  from  each  ship  at,  say,  one  hour  intervals, 
we  can  obt.iin  throe  independent  sets  of  solutions  (only  tw'o  of  which  are 
necessary)  and  di  us  pick  out  tlie  solutions  corresponding  to  real  reflectors 
before  uaking  the  transformation  back  to  latitude  and  longitude  (9, 
through  equations  (1*),  (2'),  ani  (3*). 
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SIGNALS  MARKED  D ARE  AlRECT  ARRIVALS  - NOT  COUNTED  IN  EC^  TALLY 


